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(54) SlUCON NITRIDE COMPOSITE SUBSTRATE 

(57) A Si3N4 composite substrate which manifests 
no generation of cracking on the substrate even by me- 
chanical shock orthemial shock, and is excellent in heat 
radiation property and heat-cycle- resistance property is 
obtained by using a SigN^ substrate as a ceramic sub- 
strate. 

A Si3N4 substrate having a thenmal conductivity of 
90 W/m • K or more and a three-point flexural strength 



of 700 MPa or more is used, and the thickness tm of a 
metal layer connected on one major surface of the sub- 
strate and the thickness tc of the SiaN^ substrate are 
controlled so as to satisfy the relation fomnula: 2 
tm^tcg20 tm. When metal layers are connected to both 
major surfaces of the Si3N4 substrate, the thickness tc 
and the total thickness ttm of the metal layers on both 
major surfaces are controlled so as to satisfy the relation 
formula: ttm^tc^lO ttm. 
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EP 1 142 849 A1 

Description 
Technical Field 

' Zmldrxorr^rlir 'T' 'I ' """'"^'^ " like comprising 

l^^h ^'^'^^°""'P««« as semiconductor elements, particularly, to a ceramic composite substrate 

whKh has a structure comprising a ceramic substrate connected with a metal layer, and has excellent heat radiation 
property, mechanical strength and heat-cycle-resistance property. excellent neat radiation 

'0 Background Art 

[00021 Conventionally, ceramic composite substrates obtained by connecting a metal plate composed mainly of cop- 
per or akimmum as an electric conductive layer to the surface of a ceramic substrate made of AUG,, AIIM BeO and 

mnltf nf't? P™''^'^ ''^''^ ^^^^ ^'"'^^ "'^"^ constituent parts of various etecttc appliances. 

[0003] Of these conventional ceramfc composite substrates, those using an AljOj substrate as a ceramic substrate 
cannot acquire excellent heat radiation property due to the low themial conductivity of Al^Og and those usinq a BeO 
substrate have high themial conductivity and excellent heat radiation properties. The drawbLk, however, is that they 
are dif^cuft to manage in producOon due to toxicity thereof. Composite substrates using an AIN substrate are excellent 
m heat radiation property because of the high thermal conductivity of AIN; however, their disadvantage is that they 

chani^l S^ngmSN" ""'^ ^'^ '^"""^^ ^'^""^ ^"^ ""^ 

(00041 On the other hand, ceramics containing mainly SijN^ are materials whfch generally show excellent heat re- 
SBtance even under. the atmosphere of a high temperature of lOOO'C or more, and have low themial expansion co- 
efficient and also excellent thermal shock resistance, in addition to an inherent high strength property. Consequently 
the appliration of the ceramics as a high temperature structural material to various high temperature high strength 
parts has been tned. *r ^ » » 

[0005] Recently, studies have been done on a ceramfc substrate to be used in a composite substrate, by utillzinq 
.DAM Praperty-owned inherently by ceramics containing mainly SijN^, For example. JP-B No. 269870 and 

JP-A No. 9-t57054 disclose a trial in which insufficient thenmal conductivity is compensated by enhancing the head 
radiation properly of the whole circuit, in a cornposite circuit board comprising SigN^ substrates connected with a metal 
circuit plate, by making the thickness of the Si3N4 substrate smaller than 1 mm. 

[0006] However, it is believed that, even in a SijN* substrate having higher strength than that of AIN, cracking also 
tends to occur by mechanical shock In installation and mounting or by themnal shock by a heat cycle similarly to the 
AIN substrate, and practfcal use of the SigN^ substrate Is difficult when the thk:kness of the substrate is small The 
reason for this is. for example, that in a process of fabricating a ceramic composite substrate into an apparatus the 
composite substrate must be fixed to the main part of the apparatus by screwingand the like. However, the occurrence 
of cracking by a pressing force by the screw and by shock in handling is inevitable even in a SiaN, substrate having 
excellent mechanteal strength when the thickness thereof Is small. When such cracking occurs, insulation failure occurs 
at the cracked part, and the composite substrate becomes unusable because of dielectric breakdown 
[0007] An object of the present invention is to provide a ceramic composite substrate which manifests no generation 
Of cracking on the substrate even by mechanical shock or thennal shock, and has an excellent heat radiation property 
and heat-cyde-resistance property, in view of such conventional conditions. 

Disclosure of Invention 

[0008] The present inventors have studied and developed, for attaining the above-mentioned object a SiaN. sub- 
strate material having high thermal conductivity and high strength, and found that when the ratio of the thickness of 
the S13N4 substrate to the thickness of the metal plate is set at a given value in a composite substrate obtained fastening 
cracks and the like In a fabrication process can be dissolved, and heat-cycle-resistance property can be signiffcantV 
improved, and that the heat radiation property of a composite substrate can be considerably improved by enhancina 
heat the conductivity of a Si3N4 substrate, leading to the completion of the invention. 

[0009] Namely, a ceramfc composite substrate provided by the present invention comprises a silicon nitride ceramfc 
substrate having a thermal conductivity of 90 W/m • K or more and a three-point fiexural strength of 700 MPa or mote 
and a metal layer connected to one major surface thereof, and in the composite substrate, the thfckness tc of the silicon 
mtnde ceramic substrate and the thfckness tm of the metal layer satisfy the relation formula: 2 lmstcg20 tm 
[0010] Further, another silicon nitride composite substrate provided by the present invention comprises a silfcon 
nitnde ceramic substrate having a themial conductivity of 90 W/m'- K or more and a three-point flexura) strength of 
700 IWPa or more, and metal layers connected to both major surfaces thereof, and in the composite substrate the 
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thickness tc of the silicon ceramic substrate and the total thickness ttm oif the metal layers on both major surfaces 
satisfy the relation fonmula: ttm ^tc^ 10. ttm. 

[001 1] In the above-mentioned silicon nitride composite substrate of the present invention, the silicon nitride ceramic 
substrate before connection of the metal plate preferably is warped such thai the major surface on which semiconductor 
5 elements are mounted forms a concave surface, and specific warp degree thereof is preferably in the range from 1 0 
lo 300 \L m per 25,4 mm (inch) of the length of the substrate. 

[0012] The silicon nitride ceramic substrate used in a silicon nitride composite substrate of the present invention 
contains a rare earth element in an amount of 0.6 to 10% by weight in ierms of an oxide and at least one element 
selected from Mg, Ti, Ta, LI and Ca in an amount of 0.5 to 1 ,0% by weight in terms of an oxide, and impurity oxygen 

10 in an amount of 2% by weight or less and Ai in an amount of 0.2% by weight or less in terms of an oxide. 

[0013] The Si3N4 substrate used in a ceramic composite substrate of the present invention will be described below. 
The ceramic substrate used in a composite substrate is required to be a compact sintered body simultaneously having 
high thenmal conductivity and high strength property. The reason for lower themiai conductivity of a conventional Si3N4 
sintered body is that impurities are solved in Si3N4 particles of the sintered body and phonons, and carriers for heat 

15 conduction, are scattered. Since Si3N4 is a sintering-resistant ceramic, the addition of a sintering aid which allows the 
fomiation of liquid phase at lower temperatures is necessary, and it is known that this sintering aid is solved in the 
particles to lower thenna! conductivity. 

[0014] Consequently, in the present invention, thennal conductivity of a Si3N4 sintered body is improved in addition 
to inherent excellent mechanical strength by selecting the kind of sintering aid and controlling the amount of the aid 
20 added In a given range, and the resulted sintered body Is used as a ceramic substrate. Namely, in the present invention, 
a rare earth oxide and an oxide of at least one element selected from Mg, Ti. Ta, Li and Ca are used together as 
sintering aids for Si3N^. 

[0015] A rare earth oxide is effective for higher thenmal conductivity of a sintered body since the oxide is scarcely 
solved in SijN^ particles. Of rare earth oxides, it is preferable to use oxides of Y, Yb and Sm, because they enable 

25 easy crystallization of the grain boundary phase. Crystallization of the grain boundary phase is effective for simulta- 
neously attaining high strength and high thermal conductivity since strength at higher temperatures increases and 
scatteringof phonons at the grain boundary phase is reduced by this crystallization. Further, the amount of these added 
rare earth oxides is preferably in the range from 0.6 to 1 0% by weight. When the amount is lower than 0.6% by weight, 
the liquid phase is not sufficiently fonmed and compaction does not progress in the sintering process. Consequently, 

30 porosity after the sintering increases and thennal conductivity decreases, and mechanical strength also lowers simul- 
taneously. On the other hand, when the amount is less than 1 0% by weight, the proportion of the grain boundary phase 
occupying a sintered body increases and themial conductivity decreases. 

[0016] Other sintering aids, oxides of Mg, Ti, Ta, Li and Ca react with SIO2 on the surface of a Si3N4 parttete at 
temperatures of 1 eo^C or less to fomn a liquid phase, being effective to promote compaction In the sintering process. 

35 The addition of these oxides in a lotai amount of a low 0.5 lo 1 % by weight improves the sintering property significantly 
as compared with the single addition of rare earth oxides, and further, minimally affects the reduction in themnal con- 
ductivity. However, when the total added amount of these oxides of Mg, Ti. Ta, U and Ca is over 1% by weight, there 
is the fear of a remarkable reduction In thermal conductivity by solving of these elements in Si3N4 particles. Further, 
when Mg. Ti, Ta, Li and Ca are contained in grain boundary phase components, an amorphous glass component is 

40 formed in the grain boundary phase, also leading to a reduction in thermal conductivity and a decrease in strength at 
higher temperatures. 

[0017] Further, by enhancing the purity of a raw material powder, thennal conductivity of the resulting Sj3N4 sintered 
body can be improved. It is widely known that oxygen and AI are easily solved in Si3N4 particles to reduce thermal 
conductivity. Therefore, in a Si3N4 substrate of the present Invention, the thennal conductivity of a Si3N4 sinterecf body 
45 can be further improved by controlling the amount of oxygen to 2% by weight or less and the amount of AI to 0.2% by 
weight or less, the oxygen and AI being used as impurities in a raw material powder of the sintered body particularly 
in aSi3N4powder. 

[0018] The thus produced Si3N4 sintered body has excellent thermal conductivity properties at room temperatures 
of go W/m • K or more and a three-point flexural strength of 700 MPa or more. By increasing thennal conductivity 

so beyond a conventional Si3N4 substrate having high thermal conductivity and simultaneously increasing the mechanical 
strength as described above, the thickness of a ceramic substrate can be increased to a level which can endure thennal 
shock and mechanical shock, while reducing the heat resistance of the whole ceramic composite substrate. 
[0019] Namely, in a silicon nitride composite substrate of the present invention, a Si3N4 substrate having a thenmal 
conductivity of 90 W/m • K or more and a three-point flexural strength of 700 MPa or more is used, and when a metal 

55 layer is connected to one major surface thereof, the thickness of the ceramic substrate is controlled such that the 
thickness tc of the Si3N4 substrate and the thickness tm of the metal layer satisfy the relation formula 1 : 2tm^tc^20 tm. 
[0020] For improving the heat-cycle-resislance property of a ceramic composite substrate, It is effective to connect 
the metal layers on both major surfaces of the ceramic substrate, and in this case, the thickness of the ceramic substrate 
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is so controlled that the above-mentioned thickness tc and the total thickness ttm of the metal layers connected on 
both major surfaces satisfy the relation formula 2: ttmStcgl Ottm. In this case, it is preferable that the above-mentioned 
relation fonmula 1 Is also satisfied. The thicknesses of the metal layers to be connected on both major surfaces may 
be the same or different 

[0021] Regarding the above-mentioned relation of tc and tm or tlm, when the thickness tc of a SI3N4 substrate Is <2 
tm in the case of a metal layer connected to one major surface of the SI3N4 substrate, or when tc<ttm in the case of 
metal layers connected to both major surfaces of the Si3N4 substrate, even a Si3N4 substrate having high strength as 
described above tends to crack by mechanical shock in mounting and manifests the generation of cracking by the 
heat-cycle. It is not preferable that tc is >20 tm in the case of a metal layer connected to one major surface, or tc is 
>ttm in the case of metal layers connected to both major surfaces, since heat resistance of the whole composite 
substrate increases under this condition. 

[0022] The specific thickness of a Si3N4 substrate is preferably 1 mm or more, for preventing the generation of 
cracking and breakage by mechanical shock. However, when the thickness of a Si3N4 substrate is too large, the heat 
radiation property and heat-cycle property of the whole substrate decrease, therefore, It is desirable that this thickness 
Is approximately 6 mm or less. 

[0023] It is preferable that a Si3N4 substrate of the present invention has a warp such that the major surface on which 
semiconductor elements are mounted forms a concave surface at the early stage prior to the adhering of the metal 
layer Further, It Is preferable that this warp degree is in a range from 1 0 to 300 ji fn per 26.4 mm (inch) of the length 
of the major surface of the Si3N4 substrate. 

10024] If a metal plate Is connected to the major surface in a concave fomn In a Si3N4 substrate having such warp 
and heat source elements such as a transistor chip and the like mounted thereon, when the amount of heat generation 
of elements increases to cause an increase in temperature of the whole circuit, tensile stress is applied to the major 
surface on which elernents are mounted and compression stress Is applied to the reverse major surface of the Si3N4 
substrate, by this heat. Resuttantly, the Si3N4 substrate initially warped to the element mounting side forming a concave 
surface is defonmed toward such a direction that gives a parallel relation to the major part of the apparatus, and close 
adherence of the apparatus with the substrate is improved. Therefore, heat resistance of the vyhole apparatus can be 
further reduced. 

Brief Description of Drawings 

30 

[0025] Figure 1 is a view showing a method for measuring waip degree. 
Best Mode for Carrying Out the Invention 
35 Example 1 

[0026] To a Si3N4 powder containing 1% by weight of oxygen and having an average particle size of 0.9 \l m was 
added a Y2O3 powder (average particle size 1 .0 jim) and a fvlgO powder (average particle size 1 .0 |im) in amounts of 
8% by weight and 0.5% by weight, respectively, based on the weight, of the SI3N4 powder, and they were mixed In an 

40 alcohol solvent by a ball mill. Then, the mixture of raw material powders was dried, a binder component was added to 
and kneaded with the mixture, and a plurality of molded bodies in the fomn of a sheet were made from the kneaded 
mixture by dry mold press. These molded bodies were subjected to a degrease treatment in a nitrogen atmosphere, 
then, sintered for 4 hours at 1800*C in a nitrogen atmosphere, to obtain Si3N4 substrates. The amount of an impurity, 
Al in the sintered bodies was quantified by an ICP emission analysis method to resultantly find that it was about 0.1% 

'*5 by weight. This impurity Al is assumed to be derived from raw materials. 

[0027] Then, samples having a diameter of 1 0 mm and a thickness of 3 mm for measuring thermal conductivity were 
obtained by processing a part of the resulted sintered bodies, and the thenmal diffusivity was measured by a laser flush 
method and the themrial conductivity was calculated according to the calculation formula: K= axGxp (a: thermal dif- 
fusivity, C: specific heat, p: density). Further, transverse test pieces of 4x3x40 mm were made by grinding a part of 

50 the resulted sintered bodies, which were subjected to a three-point flexural test according to JIS standard (R-1 601 ) at 
a span of 30 mm. As a result, these Si3N4 sintered bodies had a thermal conductivity of 1 1 0 W/m • K and a three-point 
flexural strength of 950 MPa. 

[0028] The resultant Si3N4 sintered bodies were subjected to grinding and polishing to obtain Si3N4 substrates having 
a length of 32 mm and a width of 75 mm and varying thicknesses as shown in Table 1. The warp degrees per 25.4 m 
55 (1 Inch) of the length of substrates were measured, and the results are shown in Table 1. The warp degree was recog- 
nized as follows. The substrate, test piece was placed on a level block as illustrated in Figure 1 , and a dial gauge was 
scanned along the diagonal on the upper surface thereof to measure the difference between the maximum distance 
and the minimum distance from the level block (a in Fig. 1), and this value was divided by the total length scanned 
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(inch unit) to obtain a warp degree value of the substrate. A copper plate containing no oxygen having thickness tm 
or the total thickness ttm as shown in Table I was connected to the major surface of the concave side In the samples 
1 to 6 and to both major surfaces in the samples 7 to 1 0 by using a brazing material containing active metals, to obtain 
ceramic composite substrates. The brazing material contained active metals, Tl. Ag and Cu in amounts of U5, 63 

5 and 35.25 % by weight, respectively 

[0029] After connection of the Si3N4 substrate to the copper plate, it was confirmed by an ultrasonic flaw detection 
method that there was no cavity between the substrate and the copperplate, then, the composite substrate was sub- 
jected to a heat-cycle test. In the heat-cycle test, a composite substrate was cooled for 20 minutes at -^O'C. maintained 
at room temperature for 20 minutes, heated for 20 minutes at 125**C, and further maintained at room temperature for 

10 20 minutes (these operations are included In one cycle), and the occurrence of cracking and the number of neat-cycles 
until the occurrence of cracking was confirmed by a fluorescent flaw detection method. Further, heat resistances of 
the composite substrates were measured, and heat radiation property of the whole circuit was checked. For the meas- 
urement of heat resistance, a St transistor chip of 10x10 mm was mounted as a heat source on the copper plate 
connected to the major surface on the concave side of the composite substrate, and evaluation was effected. The 

IS results are shown together in Table i below. 



Table! 



20 



25 



30 



Sample 


Thickness of 


Thickness 


Xc/Vm 


Warp degree. 


in occurrence of cracking 


Heat 




substrate 


of copper 










resistance 






plate 














tc (mm) 


tm, ttm(mm) 


(tc/ttm) 


(^im/in) 


Number of 


Number of 


("C/W) 












cracks 


heat cycle 




1 


2 


0.3 


6.7 


100 


0 


>3000 


0.6 


2 


1 


0.3 


3.3 


200 


0 ' 


>3000 


0.3 


3 


0.6 


0.3 


2.0 


250 


0 


>3000 


0.25 


4 


5 


0.3 


16.7 


15 


0 


>3000 


1.2 


5* 


6.3 


0.3 


21.0 


9 


0 


>3000 


2.0 


6* 


0.5 


0.3 


1.67 


310 


0 


1500 


0.3 


7 


2 


0.3+0.3 


3.3 


95. 


0 


>3000 


0.4 


8 


5 


0:3+0v3 


8.3 


10 


0 


>3000 


0.8 


9 


2 


0.U0.3 . 


5.0 


90 


0 


>3000 


0.5 


10* 


2 


1.5+0.3 


1.1 


90 


0 


>3000 


0.3 



Note: * compaiative examples. The total thicicness ttm in the copper plates of the samples 7 to 10 is the sum of the thicknesses on respective ma|or 
surfaces. 



[0030] As. is known from these results, it has been proved that, In the samples of the present Invention using a Si3N4 
substrate having a thermal conductivity of 110 W/m • K and a three-point flexural strength of 950 MPa, and in which 
^ the thtekness tc of the substrate and the thkskness tm of the metal layer or the total thickness ttm are controlled so that 
2^tc/tm^20 or 1 ^tc/ttm^ 1 0, cracking does not occur on the Si3N4 substrate even when the number of cycles reaches 
3000 in the heat-cycle' test, and simultaneously, heat resistance of the whole composite substrate also decreases, 
showing excellent heat radiation properties. 

[0031 J On the other hand, in the composite substrate of the sample 5 of the comparative example in which tc/tm>20 
^ or tcmm>1 0, the thickness of the SigN^ substrate was too large showing. Consequently, poor heat radiation property 
of the whole circuit and'a significant Increase in heat resistance of the whole composite substrate Increased significantly 
to as high as 2.0 •CW.Jn the sample 6 of the comparative example in which tc/tm<2 or tc/ttm<1 , heat-cycle-resistance 
property decreased, and in the heat -cycle test, cracking occurred on the substrate when the cycle number was yet 
small, by reduction of the thickness of the Sl^N^ substrate. In the samples 3 and 6 wherein the thickness of the SI3N4 
^ substrate was less than 1 mm, cracking and breakage tended to occur on the substrate by mechanical shock in the 
making process. 

Example 2 

^ [0032] Sl^N^ substrates were made in the same manner as in Example 1 except that the kind and added amount of 
sintering aids to be added to the Si3N4 powder were changed as shown in the following Table II, and heat conductivities 
and their three-point flexural strengths were evaluated accordingly. These results are shown together in Table II. For 
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comparison, the results on the Si3N4 substrate of Example 1 (sample 1 ) are also shown together In Table II. The amount 
of impurities in each SI3N4 substrate was 1% by weight for oxygen and 0.1% by weight for Al likewise In each sample 
in Example 1 . 



Table II 



Sample 


Kind and added amount of sintering aid 


Conductivity 


1 nree^poiHi iiexurai sirengin* 






t\At/m m W\ 

\VV/m • r\} 


\mpa) 


1 


Y2O3(8)+MgO(0.5) 


110 


950 


11 


Sm2O3(8)+MgO(0.5) 


110 


900 


12 


Yb2O3{8)4-MgO(0.5) 


140 


900 


13 


Y2O3(4)+Yb2O3(4)-hMgO(0.5) 


138 


900 


14 


Y2O3(4)+Sm2O3(4}+MgO(0.5) 


100 


1000 


15 


Yb2O3(4)+Sm2O3(4)+MgO(0.5) 


105 


950 


16 


Y2O3(8)+TiO2(0.5) 


11 0 




17 


Y2O3(8)+Ta2O3(0.5) 


115 


1000 


18 


Y2O3(8)+Li2O(0.6) 


90 


900 


19 


Y2O3(8)+CaO(0.5) 


95 


880 


20 


Y2O3(4)+Sm2O3(4)+MgO(0.3)+Ta2O3(0.2) 


100 


1000 


21* 


Y2O3(0.4>fMgO(1) 


80 


680 


22* 


Y2O3(16)+MgO{0.5) 


75 


850 • 


23* 


Sm2O3(0.4)+TIO2(5) 


70 


500 


24* 


Sm203(15) 


75 


830 


25* 


Yb2Q3(0.4KCaO(1.0) 


65 


600 


26* 


YbgOsllS) 


65 


800 



(Note): ' comparative examples. 



[0033] As is known from these results, even if Yb203 or Sm203 is used in addition to Y2O3, these are rare earth 
oxides to be added as a sintering aid, a Si3N4 substrate having excellent properties of a thermal conductivity of 100 
W/m • K or more and a three-point flexural strength of 900 MPa or more is obtained, and partfeularly In the sample 12 
using Yb203, a substrate having a high heat conductive property as extremely high as 140 W/m • k was obtained. 
Further, in the examples 16 to 20, oxides Ti, Ta, LI and Ca the amounts of each not being more than 1% by weight 
were added in addition to MgO. as sintering aids other than rare earth oxides. Even if these oxides were used, compact 
Si3N4 sintered bodies could be oblaihed by sintering at lower temperatures of not more than 1800*C, like in the case 
of MgO. 

[0034] On the other hand, in the comparative examples, samples 21 to 26, when the amount of a rare earth oxide 
added was as low as 0.4% by weight, the amount of liquid phase produced in the process of compaction of the Si3N4 
particle was small, and in spite of sintering at a temperature as high as 1950**C, a compact sintered body could not be 
obtained. As a result, the resulted Si3N4 sintered body had lower thermal conductivity, and also lower three-point 
flexural strength.. However, when the amount of a rare earth oxide added was substantially high such as 15% by 
weight, thennal conductivity decreased due to the increase in the volume proportion of grain boundary phase occupying 
the whole sintered body. 

[0035] Next, the above-mentioned Si3N4 sintered bodies were processed into Si2N4 substrates having a thickness 
of 2 mm, and warp degrees per 25.4 mm of the length of the substrate were measured in the same manner as in 
Example 1 . A copper plate containing no oxygen having a thfckness of 0.3 mm was connected to the major surface 
on the concave side using a brazing material containing active metals. Using the resultant ceramic composite sub- 
strates, the occurrence of cracking and the number of heat-cycles until the occun-ence of cracking were confintied by 
a heat-cycle test, and heat radiation property of the wnoie circuit was checked by measuring heat resistance. In the 
same manner as in Example 1 . These results are shovrfP. together in Table III below. 



Table III 



Sample 


tc/tm 


Warp degree 


In occurrence 


of cracking 


IHeat resistance 


(tc/ttm) 


(^nVin) 


Number of cracks 


Number of heat cycle 


('C/W) 


11 


15.7 


90 


0 


>3000 


0.6 
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Table III (continued) 



5 



10 



Sample 


tc/tm 


Warp degree 


In occurrence 


of cracking 


Heat resistance 


(tc/nm) 


(nm/in) 


Number of cracks 


Number of heat cycle 


(*C/W) 


12 


6.7 


90 


0 


>3000 


0.48 


13 


6.7 


100 


0 


>3000 


0.5 


14 


6.7 


85 


0 


>3000 


0.7 


15 


6.7 


100 


0 


>3000 


0.7 


16 


6.7 


100 


0 


>3000 


0.6 


17 


6.7 


110 


0 


>3000 


0.6 


18 


6.7 


95 


0 


>3000 


0.7 


19 


67 


80 


0 


>3000 


0.7 


20 


6.7 


70 • 


0 


>3000 


0.8 


21* 


6.7 


100 


s 


500 


1.2 


22* 


6.7 


90 


0 


>3000 


1.5 


23* 


6.7 


120 


4 


450 


1.5 


24* 


6.7 


110 


0 


>3000 


1.7 


25* 


6.7 


100 


6 


380 


1.2 


26* 


6,7 


95 


0 


>3000 


1.3 



(Note): * comparative examplds. 



[0036] As can be seen from these results, in the samples 11 to 20 of the present invention using Si3N4 substrates 
having excellent thenrtal conductivity and mechanical strength and in which the ratio of the thickness of the substrate 
to the thickness of the copper plate has a given value, ceramic composite substrates excellent in heat-cycle-resistance 
properly and heat radiation property were obtained. However, it is known that, in the samples 21 to 26 of the comparative 
examples, heat resistance of the composite substrate increases since thermal conductivity of the Si3N4. substrate is 
low, and particularly in the samples 21 . 23 and 25 using Sl^t^^ substrates having poor strength, cracking tends to.occur 
on the substrate by thennal shock in the heat-cycle test. 



Example 3 

[0037] Si3N4 substrates were made in the same manner as in Example 1 except that the amount of oxygen and the 
amount of Al in raw material powders were changed as shown in Table IV below SI3N4 sintered bodies were produced 
in samples 27 to 32, and heat conductivities and three-point flexural strengths were evaluated in the same manner. 
The results are shown together in Table IV. For comparison, the results on the Si3N4 substrate of Example 1 (sample 
1) are also shown. 



Table IV 



Sample 


Sintering aid (wt%) 


Amount of impurities in raw material 
powder 


Conductivity 


Three-point flexural 
strength 


Oxygen (wt%) 


Al{wt%) 


(W/m • K) 


(Mpa) 


1 


Y2O3{8)+MgO(0.5) 


1 


0,1 


110 


950 


27 


Y2O3(8)4-MgO(0.5) 


2 


0.1 


95 


1100 


28 


Y2O3(8)+MgO(0.5) 


0.5 


0.1 


120 


930 


29 


Y2O3(8)+MgO(0.5) 


1 


0.2 


90 


1200 


30 


Y2O3(8)+MgO(0.5) 


1 


0.05 


120 


900 


31* 


Y2O3(8)+MgO(0.5) 


3 


0.1 


70 


1200 


32* 


Y2O3(8)+WgO(0.5) 


1 


0.5 


50 


1250 



(Note): * comparative examples. 



[0038] When the amount of oxygen or the amount of AI in the raw materia! powder Increases, the sintering property 
of Si3N4 is improved. Consequently, the resultant sintered body becomes more compact, and mechanical strength 
increases. However, thermal conductivity of the SijN^ sintered body decreased. The reason for this is that, by solving 
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oxygen and Al in SisN^ particles, the inherent crystal structure of the Si3N4 crystal becomes mori3 complicated, and 
phonons are remarkably scattered in the particles. 

[0039] Next, the above-mentioned Si3N4 sintered bodies of the samples 27 to 32 shown in the above-mentioned 
Table IV were processed into S\^N^ substrates having a thickness of 2 mm, and warp degrees per 25.4 mm of the 

.5 length of the substrate were measured In the same manner as in Example 1 . A copper plate containing no oxygen 
having a thickness of 6.3 mm was connected to the major surface on the concave side using a brazing material con- 
taining active metals. Using the resultant ceramic composite substrates, the occurrence oi cracking and the number 
of heat-cycles until cracking occun'ed were confinned by a heat-cycle test, and heat radiation property of the whole 
circuit was evaluated by measuring heat resistance, in the same manner as in Example 1 . These results are shown in 

10 Table V. 

[0040] The Si3N4 substrate of tho sample 1 in the above-mentioned Table IV was processed into a Si3N4 substrate 
having a thickness of 2 mm, an aluminum plate having a thickness of 0,3 mm was connected as a sample 1 -a to the 
major surface in a coricave fonn of the substrate by a brazing material containing an aluminum (composition: Ag 63 
v/t%, Cu 33.25 wt%, Ti 1 .75 wt%, and Al 2 wt%). Further, as a sample 1-b. aluminum plates each having a thickness 
IS of 0.3 mm were connected to both major surfaces of the Si3N4 substrate in the same manner as described above. The 
resulted composite substrates were evaluated by the same method as described above, and the results are shown 
together in Table V. 



Table V 



20 



Sample 


Metal layer 


tc/tm 


Warp degree 


In occurrence of cracking 


Heat resistance 


(tcmm) 


(jim/in) 


Number of 
cracks 


Number of heat 
cycle 


(XAW) 


27 


Cu 


6.7 


80 


0 


>3000 


0.7 


28 


Cm 


6.7 


100 


0 


>300b 


0.5 


29 


Cu 


6.7 


80 


0 


>3000 


0.65 


30 


Cu 


6.7 


90 


0 


>3000 


0.45 


31* 


Cu 


6.7 


110 


0 


>3000 


1.8 


32* 


Cu 


6.7 


105 


0 


>3000 


1.9 


1-a 


Al 


6.7 


100 


0 


>3000 


1.0 


1-b 


Al (both 


3.3 


100 


0 


>3000 . 


0.7 




surfaces} 













(Note): * comparative examples. 

35 

[0041] As the above-described results indicate, In the samples 27 to 30 and.samples l-a to 1-b of the present in- 
vention using Si3N4 substrates having excellent thermal conductivity and mechanical strength and in which the ratio 
of the thickness of the! substrate to the thickness of the copper plate has a given value, ceramic composite substrates 
excellent in heat-cycle- resistance property and heat radiation property were obtained. However, In samples 31 to 32 
^ of the comparative examples, the heal resistance of the composite substrate increased greatly since the thermal con- 
ductivity of the Si3N4 substrate was low. 

[0042] Further, as is known from the results of the samples 1-a and 1-b, composite substrates having an excellent 
* heal radiation property were obtained even if an aluminum plate was used in addition to a copper plate, as a metal 
plate to be connected! to the Si3N4 substrate. 

45 

industrial Applicability 

[0043] According to' the present invention, a ceramic composite substrate which can tolerate the mechanical load 
when mounting or installing and has an excellent heat-cycle-resistance property and heat radiation property can be 
^ obtained, by using a Si3N4 substrate having a higher thennal conductivity than that of a conventional Si3N4 sintered 
body and simultaneously having mechanical strength, and by controlling the thickness of the SI3N4 substrate and the 
thickness of a metal layer to be connected to the substrate in a specific range. 



Claims 

1 . A silicon nitride composite substrate comprising a silicon nitride ceramic substrate having a thermal conductivity 
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of 90 W/m • K or more and a three-point flexural strength of 700 M Pa or more, and a metal layer connected to one 
major surface thereof, wherein the thickness tc of the silicon nitride ceramic substrate and the thickness tm of the 
metal layer satlsfyithe relation formula: 2 tm€tc^20 tm. 

A silicon nitride composite substrate comprising a silicon nitride ceramic substrate having a thermal conductivity 
of 90 W/m • K or more and a three-point flexural strength of 700 MPa or more, and melal layers connected to both 
major surfaces Ihereof, wherein the thickness Ic of the silicon nitride ceramic substrate and the total thickness Urn 
of the metal layers' on both major surfaces satisfy the relation fomnula: ttm^tc^lO ttm. 

The silicon nitride, composite substrate according to Claim 1 or 2, wherein the silicon nitride ceramic substrate 
before connection; of the metal plate has a warp such that the major surface on which semiconductor elements 
arc mounted forms a concave surface. 

The silicon nitride composite substrate according to Claim 3, wherein said warp degree is from 10 to 300 ji m per 
25.4 mm of the length of the substrate. 

The silicon nitride composite substrate according to any of Claims 1 through 4. wherein said silicon nitride ceramic 
substrate contains a rare earth element in an amount of 0.6 to 10% by weight In tenns of an oxide and at least 
one element selected from Mg, Tl, Ta. Li and Ca In an amount of 0.5 to 1 .0% by weight In terms of an oxide, and 
an impurity oxygen in an amount of 2% by weight or less and Al In an amount of 0.2% by weight or less in terms 
of an oxide. 

The silicon nitride composite substrate according to Claim 5, wherein said rare earth element is at least one selected 
from Y, Srin and Yt). 

The silicon nitride composite substrate according to any of Clabris 1 through 6, wherein said metal layer is com- 
posed mainly of copper. 

The silicon nitride composite substrate according to any of Claims 1 through' 6, wherein said metal layer is com- 
posed mainly of aluminum. 
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Figure 1 



Test piece 




10 



EP1 142 849 A1 



INTERNATIONAL SEARCH REPORT 



Inteimdoriai application No. 

PCT/JP99/05910 



A. CLASSIFICATION OF SUBJECT MATTER 

Int.Cl' 004337/02. C04B35/584, H01L23/08. H01L23/1S, 
'H05K1/03, H05K3/38 

According to imcmaiional Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documenation searched (cUssiikadon system followed by classificaiion symbols) 
Int.Cl' C04B37/a2, C04B3S/584, H01L23/08. H0aL23/15, 
H05K1/03, H05K3/38 



Documentation seorcKed other than minimun) documentation to the extent that such documents are included in the fields searched 
Jlcsuyo Shinan Koho 1926-1996 Toroku Jicsuyo Shinan Koho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan Toroku Koho 1996-2000 



Electronic data base consulted during the inieniational search (tame of data base and. where practicable, search terms used) 



C. DOCUNiENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevam to claim No. 



EP, 766307, Al (KA3USHIKI KAISYA TOSHIBA), 
02 April, 1997 (02.04,97) . 
Claims/ page 10, lines 41-45/ Tables l'-3j 
& WOj 9629736, Al t JP, 8-319187, A 
& JP, 9-69672, A & JP, 9-69590, A . 
& KR. 97700430, A & US, 5928768, A 

EP, 766307, Al {KABUSHIKI KAISVA TOSHIBA), 
02 April, 1997 (02.04.97). 

ClaitTxs; page 8, lines 8-11, 38-44; Tables 1-3 
& wo, 9629736, Al & JP, 8-319187, A 
& JP', 9-69672, A & JP, 9-69590, A 
& KR, 97700430, A & US, 5923768, A 

JP, 9-157054, A OENKI KAGAXU KOGYO KABUSHIKI KAISHA) , 
17 September. 1997 (17.09,97), 

Claims; Table 1 (Family: none) 

JP, 9-157054, A (DENKI KAGAKU KOGYO KABUSHIKI KAISHA), 
17 September. 1997 (17.09.97), 
Claims; Table 1 (Family: none) 



1,2, 7, B 



5,6 



1,2,7 



5,6 



Further documems are listed in the continuation of Box C. Sec patent family annex. 



* SpecisI ca:7gorics of cited documents: 

*A" document defrains die general state qT the an which is not 

considered (o be of paniculai relevance 
*£" earlier document but published on or aAer tbe interoatiooa! Hling 

date 

"L* document which fmay throw doubts on priority cl^in(s) or which is 
cited to es'^iish'tlw publicAtion davc of oncthcr citation Or other 
spc;i;i! reason (is spccifiol) 

"O" document refemng to an oral disslosure. use. exhibition or other 
means 

"P^ docttmem published prior to the ioteraationai ftling date bul later 
d^n Ibc priority 'daic clairrxd 



later document published aHer the intemaiional Hling d^ie or 
priority date and itot in connict with the oppltcstion but died to 
understand the principle or theory underlying the oivcniioo 
document ofparticulir lelevance; the ctoiaxd invealion cannot be 
considered novei or cannot be coosidcred to involve aa invattive 
step wbcn the documcni is taken alone 

docuir.ient of panicalv relevance; the cioimcd invcatioQ cannot be 
considered to involve an inventive step when the document is 
combined with one or more other stjcb documents, such 
con^nalioA bring obvious to a person skilled in ihe art 
docutneni meniber of die same palent &mity 



Dale of the acrjal completion of the international search 
06 January, 2000 (06.01.00) 



Dale of molting of the inienulional search reporx 

18 January, 2000 (18.01.00) 



Name and mailing address of the ISA' 
Japanese Pat:ent Office 

Facsimile No. 



Authorized ofi'iccr 
Telephone No. 



Fonn PCT/ISAA2 10 (second sbeci) (July 1992) 



11 



t142B48A1J.> 



EP1 142 849 A1 



I^rrERNAnONAL SEARCH REPORT 



latematiojul application No. 

PCT/JP99/05910 



C(Conlinualioa}. DOCUMENTS CONSIDERED TO BE RELEVANT 



Caiegory* 



Citation of documeni, with iiidicattotv where appropriate, of the relevant passages 



JP, 9-153567, A (Toshiba Corporation), 
10 June. 1997 (10.06,97), 
Claims; Par. Hos. [0012}, {0014}, C0015} 
& JP, 9-153568; A & KR. 37018427, A 
& TW, 332917, A 

JPi 10*93211, A (Toshiba Corporation), 
10 April, 1998 (10.04.98), 

Claims; Table 1; Par. Nos. [0087], [0092] (Family: none) 

JP, 10-93211, A (Tosliiba Corporation), 
10 J^ril, 1998 (10.04.98), 

Claims; Table 1; Par. Nos. [0087) ; [0092] (Family: none) 

WO,; 9808256. Al (KABUSHIKI KAISYA TOSHIBA), 
26 February, 1998 (26.02.98), 
Claims; Tables 1-3, * 

& EP, 674399. Al & JP, 10-93244, A 
& JP, 10*150125, A & TW, 353220, A 

WO, 9808256, Al {KABUSHIKI KAISYA TOSHIBA) , 
26 February, 1998 (26.02.99), 
Claims; Tables 1-3, 

& EP, 874399, Al & JP, 10-93244, A 
& JP, 10-150125, A & TW, 353220, A 

JP, 10-16780.4, A (DEIKI XAGAKU KOQYO KABUSHIKl KAISHA) , 
23 June, 1958 (23.06.98), 

Par. Nos. 10015), (0018J , [0030) ; Table 1 (Family: none) 



Relevant to ciaim No. 



1,2,5-8 



1,2,7 



5.6 



1,2.7 



5.6 



3,4 



Fonn PCT/lSA/210 (continuation of second sheet) (July 1992) 



12 



BNSOOaO! <EP 1 142a49A1.L> 



